Abstract. Recent studies have demonstrated that the overexpression of H19 may contribute towards development of tumorigenesis in various types of cancer. To investigate the role of H19 in the development of non-small cell lung cancer (NSCLC), 76 NSCLC tissues samples and their adjacent normal tissue samples were collected. Expression level of H19, and its association with clinicopathological features and overall survival was analyzed. It was found that compared with normal adjacent tissues, H19 expression was elevated in NSCLC tissues along with a decreased miR-203 expression level. It was also found that patients who were in advanced clinical stages had a higher H19 and a lower miR-203 expression compared to normal tissues. The overall survival time of patients with higher H19 expression was shorter compared with the lower H19 expression group. Upregulation of A549 enhanced cell proliferation and promoted invasion. Overexpression of H19 stimulated the epithelial-mesenchymal transition (EMT) process in lung cancer cells and demonstrated typical morphological characteristics of EMT. The level of mesenchymal marker protein, such as Vimentin and SNAI1 increased; while CDH1 protein level decreased. Also, H19 negatively regulated miR-203. Inhibition of H19 attenuated miR-203 induced EMT process. Upregulation of H19 contributes to poor clinical features in patients with NSCLC, induces occurrence of EMT, promotes proliferation and stimulates cell invasion in NSCLC cell line through regulating miRNA-203 mediated EMT.
Introduction
Lung cancer is a highly malignant human cancer in the world as its mortality rate is highest in contrast to other types of cancers (1) . In addition, non-small cell lung cancer (NSCLC) accounts for 75 to 80% pathological types in all lung cancers (2) . Although there has been much progress in the study of NSCLC and its treatment, poor prognosis associated with lung cancer remains a serious problem for patients (3) . Therefore, effective early diagnosis and prognostic markers can be significant and can enhance clinical value for NSCLC. The discovery of new anti-tumor molecules, as potential targets for clinical prevention and treatment of lung cancer, will create a new approach to tackle lung cancer treatment.
Long non-coding RNA (lncRNA) is a group of RNA with >200 nt length and is located in the nucleus or cytoplasm (4) . Although lncRNA does not have the function of an encoded protein, its finding promotes the progress of research in the field of non-coding RNA (5) . Recent studies found that lncRNA participates in the process of X chromosome gene silencing, genomic imprinting, chromatin modification, transcriptional activation and regulation of gene expression in the nucleus and other transcription processes (6) (7) (8) . Studies found that lncRNA is involved in many biological processes such as apoptosis and cell cycle (9) . Also, lncRNA plays a crucial role in human disease occurrence and development processes (10, 11) . Therefore, the role of lncRNA in tumors draws considerable attention.
H19 was one of the earliest lncRNA groups identified by researchers. Naturally, it is a highly conserved lncRNA that is found in mammals and it is approximately 2.3 kb in length (12) . Previous studies confirmed that H19 plays an important role in embryonic development, and it is abnormally expressed in a variety of tumors including bladder cancer, gastric cancer and hepatocellular carcinoma through regulating proliferation, invasion and metastasis of tumors (13) (14) (15) . However, the role of H19 in NSCLC and its underlying mechanisms are unclear. Our study compared the expression of H19 in NSCLC tissues and adjacent tissues. Also, the association between differential expression and clinicopathological parameters of NSCLC was also analyzed. Furthermore, in vitro experiments investigated the influence of H19 on NSCLC cell proliferation, epithelial-mesenchymal transition (EMT) impact and invasion ability. Also, the potential regulation mechanisms of H19 induced EMT process was investigated. Cell culture. Normal bronchial epithelial cell line BEAS-2B, NSCLC adenocarcinoma cell line A549, SPC-A1 and squamous cell SKMES-1 were purchased from the Shanghai Institute of Life Sciences Institute of Biochemistry and the Cell Biology Institute of Cell Bank (Shanghai, China). All cell lines were cultured in RPMI-1640 containing 10% fetal bovine serum (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany), 100 U/ml penicillin and 100 mg/ml streptomycin and were placed in 37˚C cell incubation supplied with 5% CO 2 . Culture medium was replaced every 1-2 days and subcultured when cell reached 80 to 90% confluence. Cell morphological observation was performed with an ordinary optical microscope (Nikon Corporation, Tokyo, Japan).
Materials and methods

Clinical
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Total RNA from tissues or cells were extracted with the TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) according to the manufacturer's instructions. For tissue samples, 1 ml TRIzol reagent per 100 mg of tissue sample was used followed by homogenization of tissue samples with a glass Teflon homogenizer (Invitrogen; Thermo Fisher Scientific, Inc.). Then, the homogenized samples were processed to phase separation following the manufacturer's instructions. PCR primers were designed and synthesized by the Shenzhen Huada Gene Science and Technology Services Limited Company, Co., Ltd., (Shenzhen, China). The specific primers used in qRT-PCR were shown in Table I . Relative expression was calculated using the 2 -ΔΔCq method (16) . After transfection with LipofectamineTM2000 plasmid containing over-expressed H19, A549 cells were collected. cDNA synthesis was performed with the one-step method using commercial reverse transcription kit (Fermentas, no. K1633; Wuhan Boster Biological Technology, Ltd., Wuhan, China). qPCR amplification and analysis was performed using ABI 7500 system (Applied Biosystems; Thermo Fisher Scientific, Inc.). The PCR condition was: 95˚C for 10 min, 40 cycles of 95˚C for 15 sec, 60˚C for 1 min and finally an elongation step at 72˚C for 30 sec. U6 small RNA and β-actin was chosen as a loading control for normalization and for quantification of miR-203 and H19 expression. Cell invasion assay. A549 cells in each group were collected after transfection and cultured with serum-free RPMI-1640 medium. Cells was re-suspended and added to the pre-paved Matrigel Transwell chamber (Corning Incorporated, Corning, NY, USA) at a density of 5x10 4 per well. The lower chamber contained 600 ml complete medium. Normal culture was incubated and removed from the upper chamber following 24 h incubation. Cells ware collected and fixed with 4% paraformaldehyde. Afterwards, Cells were treated with 0.01% crystal violet staining to determine the cell count. Cell numbers in the lower chamber were counted from 5 random selected fields at x200 optical microscope. Each experiment was repeated three times.
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Western blot analysis. Cells were added with an appropriate amount of RIPA lysis to obtain total cellular protein solution for protein extraction. After treatment with an appropriate amount of SDS buffer at 100˚C water bath solution, protein samples underwent polyacrylamide gel electrophoresis and transferred to PVDF membranes followed by incubation of primary antibody and secondary antibody (Abcam, Cambridge, UK). Afterwards, the results were analyzed using an enhanced chemiluminescence kit (Cell Signaling Technology, Inc., Danvers, MA, USA) according to the manufacturer's protocols. GAPDH was used for normalization and quantification of protein. Quantification of bands was analyzed using the ImageJ software (National Institutes of Health, Bethesda, MD, USA).
Cell transfection. NSCLC cells were seeded into 6-well plates for 24 h and grew to 70% confluence for transfection. The LipofecamineTM2000 mixed with H19 mimic, inhibition or negative control and miR-203 mimic, inhibition or negative control (final concentration of 100 nmol/l) were added into cells after cells were incubated for 6 h and cultured in RPMI-1640 for 24 h. Afterwards, cells were collected for subsequent experiments.
Luciferase reporter gene assay. A density of 1x10 5 cells were seeded in 24-well plates until they reached 70% confluence. Cells were co-transfected with the LipofectamineTM2000 plasmid which contained the luciferase promoter H19 with overexpressed plasmids. Cells that were cultured for 48 h were measured and analyzed in accordance with the dual luciferase reporter gene assay kit (Promega Corporation, Madison, WI, USA).
Online prediction of potential target. The miRanda (http://www.microRNA.org) (17), PicTar (https://pictar .mdc-berlin.de/) (18), TargetScan (http://www.targetscan .org) (19) online prediction tools were used to predict miRNA target genes separately based on previous reports (20) (21) (22) . Generally, the default settings were adopted according to instructions unless otherwise specified. Taking miRanda for an example, the homo sapiens parameter was selected. Other important parameters were set to individual values, e.g. -8.0 for Gap Open Penalty, -2.0 for Gap Extend, 50.0 for Score Threshold, -20.0 kcal/mol for Energy Threshold, and 2.0 for Scaling Parameter. For all three software the average minimum free energy change was measured and used as the reference. Target selection were based on the following criteria: i) Potential target sites were determined by at least two different approaches; ii) target sites must be located in accessible regions and iii) multiple target sites were prioritized (23) .
Statistical analysis. Statistical analysis was performed using SPSS v.12.0 statistical software (SPSS Inc., Chicago, IL, USA). Experimental data was presented as Mean ± SEM (stand error of mean) or in percentages (%). Comparison between different experimental groups was performed with the two-tailed student's T test and multiple group comparisons used one-way ANOVA followed by Tukey's post hoc test. Log-rank regression was used to analyze the overall survival curve. P<0.05 was considered to indicate a statistically significant difference.
Results
Overexpression of H19 in NSCLC tissues and cells.
The expression of H19 was significantly increased in lung cancer tissues compared to adjacent tissues (Fig. 1A) . Based on the relative expression level of H19, patients were divided into a high expression (tumor/control ≥1.5) and a low expression group (tumor/control <1.5). It was found that patients in the higher expression group presented with advanced clinical stages in comparison to the lower expression group (Table II and Fig. 1B) . The overall survival time of patients in the higher expression group was also shorter compared to the lower expression group (Fig. 1C) . In addition, the study examined the H19 expression levels in different NSCLC cells. The results showed that H19 in A549, SPC-A1 and SK-MES-1 cells increased by 4.2-fold, 3.4-fold and 2.6-fold in contrast to the normal bronchial epithetical cell line, BEAS (Fig. 1D) . Fig. 2A ). Cell proliferation results indicated that cell proliferation became significantly enhanced in H19 over expressed cells in contrast to the control group following 72 h incubation period (Fig. 2B) . The invasion results demonstrated that the number of crossing members were significantly increased in H19 overexpression group when compared to negative control group (P<0.05; Fig. 2C and D) .
Association of miR-203 with H19 and EMT expression.
EMT is a well-documented event in the progression of tumor invasion. Afterwards, western blot assays were used to detect the expression of EMT markers (CDH1, N-cadherin and Vimentin, SNAI1, SNAI2, and ZEB1) between H19 overexpressed cells and control cells. Western blot testing found that epithelial marker CDH1 was significantly reduced after H19 overexpression. In contrast, the expressions of mesenchymal markers which included SNAI1 and Vimentin, were increased (Fig. 3A) .
Accumulative studies have revealed that lncRNA H19 mediate EMT by functioning as a sponge for the miRNAs in a variety of cancers (24) (25) (26) (27) . Recently, miR-203 was reported to play a crucial role in the EMT core network, which functions as a switch controlling epithelial cell plasticity during cancer progression (28) . We hypothesized that H19 could possibly promote EMT by acting as a miRNA sponge and hijack miR-203 since miR-203 is known to attenuate EMT in many types of cancers. In order to search for potential targets of miR-203, three online prediction tools were used such as, miRanda, PicTar and TargetScan, and we identified putative miR-203 binding site in 3'-UTR of H19 as a potential target. We also referred to the previously predicted miRNA targets for H19 by others, e.g. RGD (https://rgd.mcw.edu/) (29) which results are in agreement with our prediction.
Afterwards, a luciferase reporter was constructed containing wild type and mutant H19 3'-UTR binding sequence (Fig. 3B) . After transfection, miR-203 overexpressed plasmid and H19 gene promoter were detected by luciferase activity and the results are shown in Fig. 3B . Additionally, the luciferase activity was significantly inhibited, as its expression decreased approximately by 60%. miR-203 inhibitor significantly increased the luciferase activity of H19 in compared with the control cells (P<0.05). Furthermore, we observed that miR-203 Table II . Association of clinicalpathological features and H19 expression in NSCLC patients. inhibitor suppressed the expression of epithelial marker CDH1 and promoted the expression of mesenchymal markers, SNAI1
H19 expression -------------------------------------------------------------------------------------------------------
and Vimentin. However, co-transfection of miR-203 inhibitor and H19 inhibitor reversed the effect (Fig. 3C and D) . Fig. 4A , a decreased expression of miR-203 was observed in NSCLC tissue samples compared with paired normal tissue samples (Fig. 4A) . Further analysis revealed a negative association of miR-203 expression level and TNM stage (Fig. 4B) . Next, we determined the miR-203 expression levels in three NSCLC cell lines (A549, SPC-A1, SKMES-1) and in the normal bronchial epithelial cell line BEAS-2B. Our results found that miR-203 was significantly down-regulated in all cell lines compared to BEAS-2B (Fig. 4C) . Based on the observed negative relation between H19 and miR-203, our results suggested an association of miR-203 expression with H19 expression in NSCLC samples (Fig. 4D) .
Down-regulation of miR-203 in tissue samples and NSCLC cell lines. As shown in
Given the limited number of samples, we also turned to the public dataset of TCGA (https://cancergenome.nih.gov/) and studied the expression profiles of both H19 and miR-203 in lung adenocarcinoma (LUAD), one largest subtype of NSCLC which accounts for 40% of all total lung cancer cases (30) . Our results from analysis are consistent with the above findings, indicating a negative correlation between the expressions of H19 and miR-203, which was proved with statistical significance (P<0.05; Fig. 5A ). Moreover, we also determined the Kaplan-Meier plots for both high and low expressions of H19 and miR-203. It was shown that high expression of H19 results in the significant reduction of cumulative survival among LUAD patients (Fig. 5B) , while high expression of miR-203 largely improves the cumulative survival (Fig. 5C ). All these results provide a convincing support for the current work.
Discussion
With the completion of the Human Genome Project, it was discovered that in addition to approximately 20,000 protein-coding genes that account for 2% of the whole genome, there are a large number of non-coding RNAs (ncRNAs) containing microRNA and lncRNA.16 Also, ncRNAs are reported to participate in a variety of functional cell processes on multiple levels including protein translation and protein degradation. Despite the evidence supporting the function of ncRNA in carcinogenesis, their role and potential application in lung cancer is still in its early stages (31) (32) (33) (34) .
As a transcriptional regulatory lncRNA, H19 was originally found in embryonic development related research (12) . In recent years, a series of studies have found that H19 abnormally over-expressed in many tumors, such as bladder cancer (35) , gastric cancer (36), hepatocellular carcinoma (37), and NSCLC (38, 39) . Also, an in-vitro study revealed that H19 overexpression promotes the proliferation of tumor, increases migration and invasion of tumor cells and reduces sensitivity to chemotherapy, thus suggesting an important role of H19 in tumorigenesis and cancer development (40) . However, the expression of H19 and its function in NSCLC is not yet clear.
The results of our study indicated that compared with normal tissues, H19 was significantly up regulated in NSCLC tissues, suggesting its oncogenic role in NSCLC cancer occurrence and development. Further analysis demonstrated that H19 over-expression is closely associated with an advanced clinical stage and an aggressive lymph node metastasis in patients, suggesting that a high expression of H19 may be involved in malignant lung cancer proliferation. Overall survival analysis found that high expression is related to poor prognosis in patients, suggesting a potential application of H19 as a prognostic biomarker in NSCLC.
Our results showed that overexpression of H19 increased cell numbers of crossing basement members which suggested an enhanced cell invasiveness ability. The present study also found that A549 cells following an overexpression of H19 demonstrated significant morphological changes with a shuttle-shaped oval deformation growth, increased pseudopodia variable length and a larger cell gap. All these changes indicated involvement of the EMT process. It is well known that EMT is a complex and an important biological process that participates in a variety of pathophysiological processes including cancer invasion and transformation (41, 42) . When tumor cells undergo EMT, they lose their polarity and increase migration and invasion ability. Therefore, we analyzed the changes of EMT related proteins to confirm whether EMT stimulates the effect of H19 on cell invasion. The results showed a decreased expression of epithelial marker CDH1 and increased expression of mesenchymal markers, SNAI1 and Vimentin along with an over expression of H19 suggesting a mediatory role of EMT in enhanced cell invasion.
Previous studies provided evidence of a decreased expression of miR-203 in a variety of lung cancer tissue samples in contrast to the expression of normal human bronchial epithelial cells or normal lung tissues, respectively (43, 44) . Also, reduced expression of miR-203 was found to be associated with metastatic tumors (45) . Additionally, over-expression of miR-203 in various cancer cell lines led to inhibition of EMT processes, such as cell proliferation, migration, invasion and tumor metastasis (46) . Furthermore, previous studies demonstrated the association of H19 with miRNA ribonucleoprotein complexes, thus acting as a natural molecular sponge for various miRNAs (47) (48) (49) . Also, studies showed lncRNAs have the ability to modulate downstream targets of miRNA by acting as a decoy to sequester miRNAs (50) (51) (52) . Given that EMT is attenuated by miR-203 in many cancer types, we hypothesized that H19 acts as a miRNA sponge and hijacks miR-203 hence promotes EMT in the process.
Finding of our study revealed that H19 expression was elevated in NSCLC tissues along with a decreased miR-203 expression level. It was also found that patients in advanced clinical stages had a higher H19 and a lower miR-203 expression compared normal tissues. The overall survival time of patients in higher H19 expression group was shorter in contrast to the lower H19 expression group. Up-regulation of H19 enhanced cell proliferation and promoted invasion. Over expression of H19 stimulated the EMT process in lung cancer cells and presented with typical morphological characteristics of EMT. The level of mesenchymal marker proteins such as Vimentin and SNAI1 increased; while CDH1 protein level decreased. Also, H19 negatively regulated miR-203. Inhibition of H19 attenuated miR-203 induced EMT process. Our study also reported a negative correlation between miR-203 and H19 expression level in tissue samples and cell lines. In addition, a decreased miR-203 expression was associated with the TNM stage. Furthermore, inhibition of H19 significantly reversed the EMT promotion effect of miR-203 on lung cancer cells through down-regulation of epithelial markers and an up-regulation of mesenchymal markers. In short, H19 may promote invasion in NSCLC by influencing the EMT process, which can affect regulation of specific miRNAs.
In summary, H19 overexpression can induce the occurrence of EMT and promote invasion in lung cancer cells. The direct binding effect of miR-203 and H19 on EMT process suggested that miRNA-lncRNA acts as a potential regulatory network in H19-mediated EMT changes. Therefore, our study provides evidence that H19, which is involved in the tumorigenesis of NSCLC, can serve as a potential target for new drugs and clinical biomarkers.
